Long-chain base, such as sphingosine d18:1 , is the simplest possible functional sphingolipid 14 . Understanding the nature and composition of long-chain bases and fatty acids that constitute dietary glucocerebrosides is important for evaluation of the possible biological effects of these compounds. In addition, protein kinase C, a pivotal enzyme in cell regulation and signal transduction, could be inhibited by sphingosine. Sphingolipids affect significant cellular responses and exhibit antitumor promoter activities in various mammalian cells. These molecules may function as endogenous modulators of cell function and possibly as second messengers 15 . Studies on biological activity of LCB are mainly on the cytotoxicity and antitumous effect. Sugawara et al 16 
isolated cerebrosides from Stichopus varie-
gates, use thin layer chromatography preparation after alkaline hydrolysis to yield mixed long-chain bases which characterize 1-3 double bond, C17-19, and have branched chain alkyl. These long-chain bases are able to inhibit the proliferation of human colonic cancer cells DLD-1, WiDr and Caco-2, in a dose-dependent manner.
Cerebroside separation and purification is vital to the study of structure-activity relationship and bioactivity. At present, reported techniques about purification and isolation of cerebroside molecular species are all traditionally adopted repeated normal/reverse-silica gel column chromatography 17, 18 . To many chromatographic procedure results in wastage, low yield and long cycle, consequently restrict further research. There are several traditional methods to prepare long-chain bases. Thin-layer chromatography TLC method is simplest, however, the preparative scale is small therefore not suit for large scale extraction 19 . For example, solid phase extraction SPE 20 , total lipids is loaded onto a SPE column after weak alkali hydrolysis, the purity of long-chain bases is up to 95 , which derived by this method. SPE method is rapid, saving solvent, but the preparative scale is small as well. Silica gel column chromatography 21 , the sample is loaded onto a silica gel column and separate by various solvents. This method is based on the polarity difference of each component, but both long-chain bases and neutral lipids may be eluted at the same time, hence it is difficult to obtain pure long-chain bases.
High speed counter-current chromatography HSCCC is a liquid-liquid partition chromatographic technique in which a solid support matrix is not used. In contrast to preparative high performance liquid chromatography, HSCCC has less solvent consumption, simpler separation conditions, larger loading, and no sample adsorption, particularly fit for preparing isolation and was widely used in recent years. In our previous study, we isolated two kinds of saponins from sea cucumber Pearsonothuria graeffeii by HSCCC 22 . So far, the application HSCCC technique to prepare cerebrosides and long-chain bases has not been reported.
EXPERIMENTAL PROCEDURES

Materials
Dried sea cucumber Cucumaria frondosa was purchased from Shandong Oriental Ocean Sci-Tech Co., Ltd Shandong Province, China and stored at 40 before use. Trimethylsilyl iodide and dimethyl sulfoxide were purchased from Sigma Chemical St. Louis, MO . o-Phthalaldehyde OPA was purchased from Wako Pure Chemical Industries Osaka, Japan . All solvents used for sample extraction were of reagent grade, and those for chromatography and MS experiments were purchased from Merck Darmstadt, Germany and were guaranteed grade. Human colon cancer cell line Caco-2 was purchased from American Type Culture Collection.
Extraction of crude cerebrosides
Briefly, the sea cucumber body walls were minced and homogenized. The total lipids from the dried sea cucumber powder approximately 1 kg were extracted four times with 3 L of CHCl 3 /MeOH 2:1, v/v . The combined extracts were concentrated in vacuo to give an aqueous solution 1 L that was subsequently extracted three times with 3 L of EtOAc/n-BuOH 2:1, v/v . The EtOAc/n-BuOH phase was concentrated in vacuo to yield a residue, which was washed with cold acetone to produce an acetone-insoluble fraction less polar lipid fraction . The less polar lipid fraction was volatilized to dryness, which are crude cerebrosides of sea cucumber Cucumaria frondosa 48.2 g , and then frozen at 20 for isolation by HSCCC 23 .
Isolation of CFC
The HSCCC separation was conducted in a multi-layer coil planetary centrifuge chromatograph fabricated by the Institute of Food and Biological Engineering, Zhejiang Gongshang University, Hangzhou, China. It was equipped with a 480-mL capacity coil column made of 1.6 mm i.d. polytetrafluoroethylene PTFE tubing. The HSCCC separation system comprised the HSCCC instrument, a JL-5B pump Beijing, China , an injection loop, and a BS-100 fraction collector Shanghai, China . The HSCCC solvent system was petroleum ether/methanol/water 5:4:1, v/v . The upper, organic, phase was used as the stationary phase and the lower, aqueous, phase as the mobile phase. After the multilayer coil column was entirely filled with the stationary phase the apparatus was started and adjusted to a rotation speed of 1000 rpm. The HSCCC sample solution, prepared by dissolving 168 mg of crude cerebrosides from sea cucumber Cucumaria frondosa in 20 mL mobile phase, was injected into the HSCCC system through the sample loop by pumping mobile phase at a flow-rate of 2.5 mL/ min. The HSCCC elution solution was collected with a fraction collector, 4 mL for each fraction. The eluent was monitored by TLC silica gel 60 F254, 5 2.6 Purity analysis of CFC-1, CFC-2 and CFC-3 CFC-1, CFC-2 and CFC-3 were dissolved by methanol to 0.5 mg/mL, and the purity analysis was conducted by HPLC-ELSD. Chromatography was carried out on a TSK gel CN-80Ts 4. 
Analysis of the chemical composition of CFC-1, CFC-
2 and CFC-3 CFC-1, CFC-2 and CFC-3 2.0 mg were heated with 1 mL 10 HCl in MeOH at 70 for 18 h respectively. The reaction mixture was then extracted with n-hexane, and the extract was concentrated in vacuo to yield a mixture of fatty acid methyl esters FAM . The MeOH layer was neutralized with Ag 2 CO 3 followed by filtration, and the filtrate was concentrated in vacuo to give a mixture of LCB and methyl glycoside. The FAM mixture from CFC-1, CFC-2 and CFC-3 was subjected to GC-MS respectively EI mode, ionizing potential, 70 eV, carrier gas, He, scanned area, 40-550 amu with a 5973i-6890N instrument 
Preparation of CF-LCB
4 mol/L KOH-MeOH solution 50 mL was added into CFC 500 mg and performed 2 h at 37 . Cooled to room temperature and added 50 mL water, pH was adjusted to 6 with 1 mol/L HCl in ice bath. The product of saponification was extracted with 150 mL of CHCl 3 for three times. The combined extracts were concentrated in vacuo to dryness. The sample was heated in water bath with 10 HCl-MeOH solution 60 mL at 70 for 18 h then cooled to room temperature. Extracted three times with 150 mL of n-hexane, MeOH layer was neutralized by ammonia, evaporated to dryness and dissolved in water, extracted three times with 150 mL of ethyl acetate, concentrated to yield crude CF-LCB. Then, crude CF-LCB was purified by HSCCC. The HSCCC solvent system was n-hexane-methyl tert butyl ether-methanol-water 1:1:2:1, v/v . Crude CF-LCB 0.3 g was dissolved by 20 mL mobile phase. Chromatographic conditions of HSCCC as follows: rotational speed of 1000 rpm, flow-rate of upper phase of 10.0 mL/min, flow-rate of bottom phase of 2.5 mL/min, 10 mL for each fraction. The eluent was monitored by TLC silica gel 60 F254, 5 10 cm, Merck, Darmstadt, Germany and evaporated to dryness. TLC was developed in chloroform/MeOH/ammonia 40:10:1, v/v and each spot was visualized by the ninhydrin reagent 16 . The residue was dissolved in methanol for UV detection at 210 nm. The fractions containing CF-LCB were combined, then evaporated and lyophilized to yield 196 mg. The free sphingoid bases liberated from HSCCC were subjected to HPLC and LC-MS analysis, as described below.
Purity analysis of CF-LCB
HPLC was performed by an Agilent Palo Alto, USA 1100 HPLC system with diode array detection, and a TSK gel ODS-80Ts 4.6 mm 250 mm, 5 μm . The mobile phase was an isocratic elution of 95 methanol-water solution.
The flow rate was 1.0 mL/min and the detection wavelength was 210 nm.
Component analysis of CF-LCB
The OPA derivatives of the free forms of CF-LCB were analyzed using a reverse-phase HPLC system equipped with a fluorescence detector as described previously 25 .
After the column eluent passed through the fluorescence detector, it was analyzed on a LCMS-2010EV mass spectrometer Shimadzu equipped with an electrospray ionization interface for further identification of peak components. The MS was operated with the following conditions: positive ion electrospray, nebulizing gas N 2 flow of 8 L/ min, nozzle temperature of 140 , drying gas N 2 pressure of 0.1 MPa, spray tip potential of 4 kV, nozzle potential of 200 V, and skimmer potential of 30 V. Mass spectrometry was conducted in the full scan mode over a range of m/z 350-900 for MS.
Cells and cytotoxic Assays
Caco-2 cells were cultured in DMEM medium Gibco contained 10 fetal bovine serum, 1 g/L D-glucose, 1 g/L L-glutamine, 110 mg/L acetonate and maintained at 37 with 5 CO 2 . Digested and passaged with 0.25 trypsin, three times a week. Glucocerebrosides CFC, CFC-1, CFC-2, CFC-3 and long-chain bases CF-LCB were dissolved in PBS containing 0.1 DMSO as described previously, respectively 14 . Caco-2 cells were cultured at 2 10 4 cells/well in 96-well plates precultured under the same conditions. After incubating, Caco-2 cells were treated with different concentrations of glucocerebrosides 400 μg/mL, 200 μg/mL, 100 μg/mL, 50 μg/mL , CF-LCB 3.125 μg/mL, 6.25 μg/mL, 12.5 μg/mL, 25 μg/mL for 24 h, 48 h and 72 h respectively, the cell viability was assayed by MTT method 26 . In brief, 4 h before the end of incubation, the sample was centrifuged at 1200 r/min for 10 min, the medium was taken away and 100 μL of MTT solutions 5.0 mg/L was added to each well. After incubation, the sample was centrifuged at 1200 r/min for 10 min, the medium was taken away and 150 μL of DMSO was added to the culture system to dissolve crystal. Finally, formazan absorbance was assessed at 570 nm by a Model 680 Microplate Reader Bio-Rad, USA . Triplicate experiments were performed in a parallel manner for each concentration.
Statistical analysis
All the values in figures are expressed as mean standard error of the mean. The statistical difference between groups were performed using one-way analysis of variance ANOVA followed by Tukey s multiple-comparison post hoc test. The dose-dependency in each treatment concentration was analyzed by Dunnett s multiple comparison tests.
RESULTS
3.1 Separation of total cerebrosides of sea cucumber Cucumaria frondosa by HSCCC To choose an appropriate solvent system plays a key role in HSCCC. To begin with, we used petroleum ether, methanol, and water as optimal solvent system to separate CFC. We found that partition coefficient of cerebroside is 1.0 when solvent system is petroleum ether-MeOH-H 2 O 5:4:1, v/v/v , which meet the requirement of total cerebroside purification. 20.8 mg CFC was separated from 168 mg crude cerebrosides of sea cucumber Cucumaria frondosa. Compared with the traditional silica gel column chromatography 27 , this method exhibited low solvent consumption, short time consumption, simple operation, and double sample yield. The purity of CFC was determined to be 92.38 by normalization of the peak areas detected by HPLC-ELSD. HPLC analysis of CFC is shown in Fig. 1 . Fig. 1 HPLC analysis of CFC purified by high-speed counter-current chromatography.
Structure analysis of CFC-1, CFC-2 and CFC-3
The purity of glucocerebrosides CFC-1, CFC-2 and CFC-3 was determined to be 96.01 , 96.19 and 95.28 respectively by normalization of the peak areas detected by HPLC-ELSD. The results of CFC-1, CFC-2 and CFC-3 chemical degradation, that is, methanolysis followed by GC-MS analysis of the reaction products, were the mixture of FAM, TMS ethers of long-chain base, and methyl glycoside.
The results of the GC-MS analysis of the methyl glycoside from β-galactocerebroside were t R min 5.16 and 5.56 methyl α-and β-galactocerebroside and the results of the analysis of β-glucocerebroside and the cerebrosides from Cucumaria frondosa were t R min 5.84 and 6.06 methyl α-and β-glucopyranoside . These results showed that the cerebrosides in sea cucumber Cucumaria frondosa were glucocerebrosides. The results of the GC-MS analysis of LCB are shown in Table 1 . The composition of LCB in Cucumaria frondosa was relatively complex. There were five kinds LCB d17:1, d18:2, d18:1, t16:0 and t17:0 in CFC-1, CFC-2, and CFC-3. Major long-chain bases in CFC-1 were d18:2 and d17:1, the ratio was similar. Longchain bases in CFC-2 were only d17:1 and d18:2, the ratio was nearly 2:1. Predominantly, t17:0 was found in CFC-3.
The results of the GC-MS analysis of FAM are shown in Table 2 . Predominantly none hydroxyl fatty acids, such as C24:1, C22:0, C20:1, C18:0 and C23:0 were found in CFC-1, monounsaturated fatty acids account for 48.47 . Fatty acids in CFC-2 and CFC-3 are analogical, which all linkage hydroxyl, mainly C24:1h and monounsaturated fatty acid account for 68.12 and 80.58 , respectively. Both CFC-2 and CFC-3 possessed longer fatty acid chains than CFC-1. The chemical structure of CFC-1, CFC-2 and CFC-3 are shown in Fig. 2 . Meanwhile, we investigated the composition of fatty acids in gulcocerebrosides from sea cucumber Cucumaria frondosa, the prominent characteristic of fatty acids in Cucumaria frondosa is the longer fatty acid chains in comparison with Acaudina molpadioides 24 . 3.3 Separation and analysis of CF-LCB 1.80 g of total lipids from sea cucumber Cucumaria frondosa was saponificated by 180 mL KOH-MeOH solution, and then lyophilized to yield 1.55 g, added 30 mL HClmethanol to hydrolyze and yield 300 mg crude long-chain bases. The crude long-chain bases were separated by HSCCC using a single solvent system composed of n-hexane-methyl tert butyl ether-methanol-water 1:1:2:1, v/v . The solvent system possessed a good retention character at the operation condition, i.e., 90 of retention rate of the stationary phase after the separation was finished. The analytical results monitored by TLC to yield four components, yellow spots at Rf 0.53, elution volume 375-750 mL. After TLC analysis, component 2 was occurred characteristic color with ninhydrin, which supposed that component 2 is LCB. The HSCCC separation chromatogram is illustrated in Fig. 3 . Fraction 2 corresponding to component 2 was combined, and then lyophilized to yield 196 mg, of colorless, powdery material. The purity of component 2 was determined to be 96.4 by normalization of the peak area detected by reversed-phase HPLC. Finally, we purified CF-LCB from crude sample through one step HSCCC, the yield rate is 10.9 .
To analyze the composition of CF-LCB separated by HSCCC, the OPA derivatives of CF-LCB were analyzed using an HPLC system with a fluorescence detector Fig.   Fig. 2 Structures of three glucocerebrosides molecular species from sea cucumber Cucumaria frondosa. Fig. 4C . The result showed that the constituent CF-LCB were 69.7 sphingadienine d18:2 and 30.3 2-amino-1,3-dihydroxy-4-heptadecene d17:1 . The ratio of peak areas of d18:2 and d17:1 in CF-LCB was approximately 2:1. LC-ESI-MS analysis indicated that constitution of LCB from total lipids were similar to LCB from cerebrosides, which fits the results determined by GC-MS. Moreover, the LC-ESI-MS method has some advantages such as simple operation, time saving, high sensitivity and non-destructive determination in comparison with GC-MS, which provide a better possibility for the purpose of finding and preparing LCB in novel structure.
Cytotoxic activity
As shown in Fig. 5 , the four glucocerebrosides from sea cucumber Cucumaria frondosa has significant inhibition to human tumor cell line Caco-2 P 0.01 . CFC, CFC-1, CFC-2 and CFC-3 exhibited a dose-dependent inhibitory effect on the viability of Caco-2 cells, showing a 32.19 , 26.94 , 31.39 and 45.1 reduction respectively P 0.01 when the cells were treated with 400 μg/mL of concentration for 48 h. The inhibitive effect enhanced with the increase of glucocerebrosides, in a dose-dependent and time-dependent manner. In addition, these results indicated that there were dramatic differences about cytotoxic activity amid the tested four glucocerebrosides, CFC-3 was more effective than CFC, CFC-1 and CFC-2.
LCB is structural constituent of sea cucumber glucocerebroside. We further conducted a comparative study about the cytotoxic activity of CF-LCB in vitro against human tumor cell line Caco-2. After incubated cells for 24 h, 48 h and 72 h, the inhibitive effect is shown in Fig. 6 . The results indicated that CF-LCB have a significant inhibition to the proliferation of Caco-2 in an apparent dose-dependent and time-dependent manner P 0.01 . Cell survival rate of Caco-2 was lower than control group under four dif- manifested that several cerebrosides from Agelas mauritianus possess powerful anti-tumor activity, the structure of monosaccharide in cerebroside affect the anti-tumor activity, that is, α-monosaccharide cerebrosides were twenty times more powerful than β-monosaccharide cerebrosides. Furthermore, the anti-tumor activity of cerebrosides were highly influenced by stereochemical structure of glucosidic bond, length as well as branch of alkyl chain, quantity as well as position of hydroxyl group along with double bond. Natori et al 28 found agelasphin in Agelas mauritianus, it is a new kind of cerebroside, which showed anti-tumor B 16 activity in vivo. Our previous study indicated that glucocerebrosides from sea cucumber Acaudina molpadioides and starfish Asterias amurensis had potential anti-tumor activity both in vitro and in vivo by inducing apoptosis through the mitochondria-mediated apoptosis pathway 29 .
The present results indicated that CFC-3 was most effective in four glucocerebrosides isolated from sea cucumber Cucumaria frondosa. We primary evaluated that the activity was associated with the hydroxyl group number in glucocerebroside molecules. It is acknowledged that the bioactivities of cerebroside are connected with the ceramide and LCB metabolized in vivo 30 . However, it is various absorption as well as metabolism about ceramide and LCB in different structure. Sugawara et al 31, 32 indicated there is a transport mechanism in intestinal epithelial cell that make plant-origin sphingoid bases were far less absorbed and utilized than sphingosine, this greatly reduce availability of dietary cerebroside. We previously investigated the LCB in sea cucumber Acaudina molpadioides, which composition is simple, only d17:1 was found 23 . Compare glucocerebrosides in Cucumaria frondosa with Acaudina molpadioides, the extraordinary d18:2 of LCB in sea cucumber Cucumaria frondosa, which distinguish d18:1 from glucocerebrosides in terrestrial mammals. Hence, it is of great importance to study the specific bioactivity of glucocerebroside and long-chain base from sea cucumber Cucumaria frondosa. Generally, preparative thin layer chromatography 19 , silica gel column chromatography 20 and high performance liquid chromatography 21 are employed to purify and isolate LCB after acidolysis/alkaline hydrolysis the total cerebroside. However, there are some drawbacks about these approaches, low throughput, difficult to purify, low yield and time consuming, which limit further structure activity relationship and biological activities studies. Consequently, to establish a fast and efficient LCB preparation method is of considerable significance. We employed HSCCC to fabricate high purity CF-LCB. Compare with traditional preparative thin layer chromatography 16 , the apparent advantages of HSCCC are short cycle, high yield and less solvent consumption. The preparative scale of long-chain bases elevated at least 10 times, and the yield doubled than normalphase silica gel chromatography. Sugawara et al 16 described mixed long-chain bases which characterize 1-3 double bond, C17-19, from sea cucumber Stichopus variegates have significant inhibition to the proliferation of DLD-1, WiDr and Caco-2 cells. Our results further manifested that the inhibition effect of longchain bases from sea cucumber Cucumaria frondosa d18:2 and d17:1 was significant to Caco-2 colon cancer cells. The inhibitive mechanism of LCB from sea cucumber may enhance caspase-3, which could cause cell apoptosis. Several researches manifested that LCB is an indispensably bioactive part of cerebroside and its biological activity is stronger 33 . It is reported that the dietary absorptivity of cerebroside is low 25 , whereas LCB is considerably higher due to its lower molecular weight. Furthermore, the structure of LCB is varied with the diverse cerebrosides from multiple foods. By researching LCB of sea cucumber will promote our understanding of structure-activity relationship and biological activity of sea cucumber sphingolipids, which is important to value sea cucumber.
CONCLUSION
In conclusion, the present study prompts us to combine cytotoxic activity with the structure of glucocerebrosides. Their difference in bioactivities may be related to the diversity of long-chain bases. This study also described the structure-activity relationships of glucocerebroside and long-chain base. Abundant marine-derived natural products with high activity such as long-chain bases from sea cucumber Cucumaria frondosa might provide novel drugs for cancer therapeutics.
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